The main goal was to assess the reasons for antiretroviral therapy (ART) change in patients with HIV in a hospital setting in routine clinical practice. The economic impact of ART modification was also analysed. Methods Patients with HIV who changed their ART between 24 November and 24 December 2014 were registered. Length of initial therapy, type of ART before and after therapy modification, and reasons for the ART change were analysed. To assess the economic impact, antiretroviral drug costs at the time of the study were recorded.
INTRODUCTION
Marked reductions in the morbidity and mortality associated with AIDS have been achieved thanks to the introduction of antiretroviral therapy (ART). Thus, patients with AIDS can now experience an improved quality of life and longer disease-free periods. 1 Antiretroviral guidelines are updated annually. Current ART is based on combinations of at least three drugs, 2 and it is the treatment of choice for HIV infection. The goal of ART is to control HIV replication, with undetectable plasma viral load as a marker, and to restore or preserve immune function.
When ART is initiated, the preferred regimens are two nucleoside reverse transcriptase inhibitors (NRTI) plus one protease inhibitor with ritonavir (PI/r), two NRTIs plus one non-NRTI (NNRTI) or two NRTIs plus one integrase strand transfer inhibitor (INSTI) . 2 However, a change of therapy may be necessary for several reasons. [3] [4] [5] The antiretroviral drug (AR) toxicity profile has improved considerably, and ARs are now considered to be well-tolerated drugs. Furthermore, changing one AR to another from the same family can sometimes reduce the adverse effects. 6 7 Also, as these are chronic therapies, patients may need to receive treatment for concomitant diseases. When a new therapy is initiated, pharmacokinetic interactions must be checked, especially when NNRTI or PI is received as part of ART. NNRTI and PI are metabolised by the cytochrome P450 (CYP450) enzyme system; at the same time, these drugs can be inducers or inhibitors of different CYP450 isoenzymes. 8 Depending on the final effect, interactions between ARs should be managed differently. When coadministration is not indicated, ARs must be changed. However, in some cases, it is possible to manage these interactions by making dose and dosing-interval adjustments or by closely monitoring drug levels and their effects. As HIV is a virus with a high mutation rate, another reason to change an AR regimen could be the development of drug resistance.
Multiple clinical trials have shown a relationship between adherence to therapy and treatment success. [9] [10] [11] [12] Simplified ART regimens enhance adherence, treatment satisfaction and quality of life. [13] [14] [15] Therefore, treatment goals should be (1) to control HIV replication and restore immune function and (2) to simplify the regimen by decreasing the number of pills or dose frequency or using coformulated regimens.
ART has been a major advance in the management of patients with HIV, and has nowadays become a lifelong treatment. Its consolidation has increased the economic resources needed to handle it, with a substantial impact on pharmaceutical spending; this has made tighter control of the economic impact of initial and modified therapies necessary. A recent systematic review of the economic impact of HIV-AIDS reported that, taking 2010 as the reference year, in Spain, the estimated treatment cost per patient-year was €11.638, with an SD of €3.756, showing the profound effect that HIV-AIDS treatment costs have had. 16 The aim of this study was to assess the reasons for ART change in patients with HIV in a hospital setting in routine clinical practice. The economic impact of ART modification was also analysed.
METHODS
Patients with HIV who attended for pharmaceutical care consultation at Hospital Universitario La Paz and changed their ART between 24 November and 24 December 2014 were registered. The switch, addition or withdrawal of at least one AR was considered an 'ART change'.
In pharmaceutical care consultation, patients were followed using the Farmatools Dominion programme device Dispensación a Pacientes Externos (DPE) (Outpatient dispensing). When a modification in the AR regimen was detected, the following variables were recorded: medical record number, gender, age, previous ART, length of previous ART treatment, reason for change, and current ART.
Data were obtained from the patient's prescription and medical report provided by the patient and from the patient's clinical history, where the reason for the change and the new antiretroviral regimen were checked. When the reason for ART switching was not clearly stated on the medical report, we interviewed the patient during dispensation to clarify. In seven cases, the reason for the therapy change was not identified and so we contacted the prescribing physician. Information about previous therapy and its length was obtained from dispensation records available on DPE Farmatools device.
Reasons to change therapy were classified into the following categories: toxicity and adverse effects, treatment failure, therapy simplification, and drug-drug interactions.
Antiretroviral regimens before and after modification were analysed globally, as well as individually, by reason for changing therapy. ART schemes most commonly related to therapy switches because of toxicity and adverse effects or for therapy simplification were further studied.
To assess the economic impact of ART change, AR costs at the time of study were recorded. Costs were obtained from Farmatools device Maestro de artículos (Item master). Maestro de artículos (Item master) provides updated information about drug prices. The economic impact of ART change in every patient was calculated as the difference between the cost per month of the ART scheme after the modification and the cost per month of the ART scheme before. Global economic impact per patient was assessed by calculating the mean of the individual results.
RESULTS
Of a cohort of 3850 patients with HIV, 1976 attended for pharmaceutical care consultation at Hospital Universitario La Paz during the study period; 92 of these (4.7%) had had their ART modified. The main demographic characteristics of these patients were median age 47 years (range 22-72) and male predominance (73.9%; 68 patients). The median length of time receiving the initial ART was 26 months (range 1-144). The distribution of patients according to initial ART duration is shown in figure 1 .
The most common initial antiretroviral regimen was 2 NRTI +1 NNRTI (29.4% of patients), and the most common regimen after modification was 2 NRTI+1 INSTI (40.2%). The regimen with the greatest decrease was 2 NRTI+1 PI/r (28.3% before and 7.6% after therapy modification). The distribution of the different ART schemes before and after change is shown in figure 2 . Figure 3 shows the main reasons for the 92 therapy changes; toxicity and adverse effects are shown to be the most common reason, with a frequency of 46.7% (43 changes). The distribution of antiretroviral regimens according to reason for change is reported in table 1.
The drug responsible for ART change was determined in 24 out of the 43 changes due to toxicity and adverse effects. Tenofovir was the AR most often implicated in ART changes due to toxicity (13/24) . The distribution of ART modifications due to toxicity and adverse effects according to the drug is shown in figure 4 . 
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The second most common reason for ART switching was to simplify the therapy. Twenty-five of the 92 patients (27.2%) changed their ART for this reason. The antiretroviral regimen distribution before and after simplification is given in table 2.
The third most common reason for ART change was treatment failure (16 out of 92 changes; 17.4%). Monotherapy or dual therapy with PI/r±NRTI was most commonly changed because of treatment failure. Of five patients on monotherapy or dual therapy with PI/r±NRTI, three changed because of treatment failure (60.0%): one treated with dual therapy with darunavir/ r (DRV/r)+lamivudine (3TC), and two treated with DRV/r monotherapy. The ART schemes with the lowest frequency of treatment failure were 2 NRTI+1 INSTI (7.7%) and 2 NRTI+1 PI/r (7.7%).
Finally, drug-drug interactions were also identified as a reason for ART switching, with 8 out of 92 therapy modifications (8.7%). The antiretroviral regimens with the highest frequency of ART changes due to drug-drug interactions were PI/r ±1 NRTI (20.0%) and 2 NRTI+1 PI/r (19.2%).
Regarding economic impact, ART changes during the study period generated a mean additional cost of €14 (SD €216; range −€528 to +€831) per month per patient when ARTwas modified.
DISCUSSION
At the pharmaceutical care consultation unit at Hospital Universitario La Paz, medication is dispensed annually to 11 400 patients on different therapeutic programmes, such as oral antineoplastics and drugs for autoimmune inflammatory diseases, viral liver diseases, multiple sclerosis and HIV. Of a cohort of 3850 patients with HIV, 1976 attended pharmaceutical care consultation at Hospital Universitario La Paz during the study period.
When ART is initiated, the main goal is to control HIV replication, restore immune function and decrease the risk of HIV transmission.
2 Nowadays, most patients with HIV in developed countries achieve stable control of their disease. However, 4.7% of the participants in our study had to modify their therapies because of toxicity and adverse effects, treatment failure or drug-drug interactions or for therapy simplification in order to preserve or improve efficacy and guarantee adherence.
Although there are several possible reasons for modifying ART, previous studies reported development of toxicity and adverse effects as the main reason. 17 18 Our results are similar to those studies, with 46.7% of patients (43/92) switching their ART because of toxicity and adverse effects.
The ART scheme with the highest frequency of change due to toxicity and adverse effects was 2 NRTI+1 NNRTI (63.0%). Regarding NRTIs, in our study, tenofovir was the drug most commonly responsible for antiretroviral regimen modifications (27) 16 (17) 8 (9) Values are n (%). INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI/r, protease inhibitor with ritonavir. Figure 4 Distribution of antiretroviral therapy (ART) modifications due to toxicity by identified responsible drug. 3TC, lamivudine; ABC, abacavir; EFV, efavirenz; ETR, etravirine; FPV/r, favipiravir with ritonavir; LPV/r, lopinavir with ritonavir; RTV, ritonavir; TDF, tenofovir. 3TC, lamivudine; ABC, abacavir; DOL, dolutegravir; DRV/r, darunavir with ritonavir; EFV, efavirenz; ETR, etravirine; FTC, emtricitabine; LPV/r, lopinavir with ritonavir; MRV, maraviroc; NVP, nevirapine; RAL, raltegravir; RPV, rilpivirine; TDF, tenofovir.
because of toxicity and adverse effects (13/24) . Tenofovir can induce renal toxicity, as described by Woodward et al, 19 inducing renal tubular dysfunction, which causes Fanconi syndrome and a reduction in calculated glomerular filtration. In different assays, nephrotoxicity due to tenofovir has been linked to risk factors, exposure and AR regimens that include PI/r. 20 21 Also, Mitra et al 22 concluded that tenofovir-associated renal dysfunction had a long incubation period, since their patients developed renal dysfunction after a mean duration of 42.6 months under tenofovir-based ART. In our study, the mean duration of the previous ART was 33.8 months (data not shown), which suggests therapy modifications due to late toxicity.
Tenofovir treatment has also been linked to the development of osteopenia. Brown et al 23 and Dravid et al 24 demonstrated how tenofovir-based regimens contributed to reduction in bone mineral density, together with HIV-related factors, such as low CD4+ count.
From the NNRTI group, efavirenz was the AR that generated the highest number of changes due to toxicity and adverse effects (5/24). Several authors have reported that patients on efavirenz therapy develop neurological symptoms (dizziness, confusion, vivid dreams). Although these symptoms usually disappear after the first few weeks of treatment, sometimes it may be necessary to discontinue it. 25 26 In our patients, central nervous system (CNS) toxicity was mild and with low impact on quality of life (data not shown). The development of new drugs without this toxicity makes changing of efavirenz because of CNS toxicity acceptable nowadays.
Simplification was the second most common reason for changing ART. ART simplification is defined as modification of an antiretroviral regimen that has achieved virological suppression to a new and simpler antiretroviral scheme able to maintain that suppression. Reducing the number of drugs, number of pills or dose frequency are different strategies used to simplify ART. The goal of simplification is to improve quality of life as well as adherence to medical treatment. Adherence to ART is essential to achieve good disease control. In our study, 25 patients (27.2%) simplified their ART. The most common antiretroviral scheme after simplification was 2 NRTI+1 INSTI (7/25) . This fact can be explained by the introduction of dolutegravir (an INSTI that requires just one daily dose) in the pharmacotherapeutic protocols of our hospital at the time of the study.
Another important reason for therapy change is treatment failure; 27 28 in this study it was the third most common reason for ART modification. Regimens with the lowest frequency of treatment failure were 2 NRTI+1 INSTI, 2 NRTI+1 PI/r and 2 NRTI+1 NNRTI. These results are consistent with the last updates of HIV guidelines, where these regimens are recommended as first-line ART.
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Potential drug-drug interactions must be checked when ART is started or changed and even when new medication is started for concomitant conditions, so as not to compromise treatment success and to avoid toxicity development. 29 The main antiretroviral family responsible for drug-drug interactions in thus study was the PI family (six out of eight patients). PIs are metabolised by the CYP450 enzyme system-more specifically, by the CYP3A4 isoenzyme. Drugs sharing this metabolic pathway and drugs that modify CYP3A4 activity can interact, so that PIs may modify the pharmacokinetic profile of other drugs and vice versa. CYP450 inducers (NNRTI, carbamazepine, phenobarbital, phenytoin, dexamethasone, rifampicin and others) decrease plasma levels of compounds metabolised by this complex, compromising drug efficacy. On the other hand, CYP450 inhibitors (PI, cimetidine, macrolides, imidazoles and others) increase plasma levels, which may lead to undesirable side effects. 30 Regarding economic impact, ART changes during the study period generated a 2% increment in pharmaceutical spending on this patient group, which is not a large economic effect. The large range of the additional cost per patient, from −€528 to + €831, should be taken into consideration, making extrapolation of the conclusions difficult.
There are limitations to this study that deserve attention. First, in some cases, the reasons for stopping AR were not classified prospectively, but retrospectively, which may have resulted in inaccurate classification. Furthermore, only the main reason was recorded, whereas there may be several contributory factors to switching AR.
To conclude, toxicity and adverse effects were the main reason for ART modification. Better knowledge about the factors that motivate these changes may contribute to selection of the most suitable ART regimen to guarantee treatment success and decrease the risk of toxicity. Further development of simplified ART regimens through development of new drugs with improved posology and coformulated ones with easier therapy schemes will help to improve adherence.
What this paper adds
What is already known on this subject ▸ Adverse effects have been reported with the use of all antiretroviral drugs and this is one of the most common reasons cited for switching or discontinuing therapy and for medication non-adherence. ▸ A simplified combination antiretroviral therapy regimen enhances adherence. ▸ Drug resistance and drug-drug interactions are risk factors for treatment failure.
What this study adds ▸ Analysis of the distribution of the reasons for antiretroviral therapy change in patients with HIV in current routine clinical practice. ▸ Assessment of the economic impact of antiretroviral therapy modification.
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